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ABSTRACT 

The operat ion 3f an improved type of radar  - e- 

system f o r  d e l i n e a t i n g  meteor r ad ian t s  i s  described. 

The system i s  capable of  de tec t ing  the t r a i l s  

produced by 10th magnitude meteors (corresponding 

t o  e l ec t ron  d e n s i t i e s  as  low a s  5 x 10” m-’). 

High r a t e s  of  d e t e c t i o n ,  qu i t e  o f t en  exceeding 1000 

meteors p e r  hour, a r e  r ead i ly  obtainable .  A t  these  

r a t e s  i t  i s  found t h a t  some o f  t he  recognized showers 

a r e  completely masked b y  t he  dense background of  

f a i n t  meteors while other shower streams appear t o  

degenerate i n t o  s c a t t e r e d  sporadic cent res  of a c t i -  

v i t y .  
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4 INTRODUCTION. 

The c l a s s i c  method of de l inea t ing  meteor shower 

r a d i a n t s  f rom rada r  observations i s  t h a t  due t o  Clegg 

(I  948a, 1948b) which u t i l i s e s  t he  d i r e c t i v e  p rope r t i e s  

o f  an antenna a r r a y  i n  conjunction with the  specular  

r e f l e c t i o n  o f  r a d i o  waves by a meteor t r a i l .  Meteors 

emanating from a given radiant  a r e  genera l ly  de tec ted  

only when the  rad ian t  point on the  c e l e s t i a l  sphere 

passes through the  plane normal t o  t h e  ax i s  of  t h e  

antenna beam. When the  recorded echoes a r e  p l o t t e d  as 

a func t ion  of time and range the  c h a r a c t e r i s t i c  range- 

time envelopes o f  the  Clegg method a r e  obtained. 

From t h e i r  shape and time o f  occurrence t h e  co-ordinates 

( r i g h t  ascension, a, and d e c l i n a t i o n ,  6)  of t h e  r ad ian t  

may be deduced. If two sntenna a r r a y s  are used (Aspinal l ,  

Clegg and Hawkins, 1951 ) the  accuracy o f  t he  rad ian t  

co-ordinates obtained i s  g r e a t l y  improved, 

When more than 1000 echoes per  day have t o  be 

p l o t t e d  t h e  Clegg method becomes t o o  laborious and time- 

consuming. A modif ied approach due t o  Keay (1957) 

enables the  rad ian t  co-ordinates t o  be determined by 

p l o t t i n g  the  echo r a t e  from t w o  narrow-beam antennas a s  

a func t ion  o f  time. Only those echoes which l i e  i n  a 

range i n t e r v a l  s t raddl ing  the  range of maximum echo 

occurrence need be used. T h i s  ! ' pa r t i a l  r a t e  method", as  
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i t  i s  c a l l e d ,  speeds the data  processing and allows 

higher echo r a t e s  t o  b e  d e a l t  w i t h ,  

B o t h  methods lead t o  anb igu i t i e s  whenever two o r  

more r ad ian t s  a r e  simultaneously ac t ive .  These may be 

resolved, a t  the p r i c e  o f  increased system complexity, 

by incorporat ing a third antenna, t h e  beam o f  which 

should b e  spaced equal ly  i n  azimuth w i t h  t h e  other  two. 

Each rad ian t  then produces a time-displaced sequence of 

peaks i n  the p a r t i a l  r a t e  curves and it  becomes very 

much e a s i e r  t o  r e l a t e  t h e  ind iv idua l  peaks t o  one another ,  

o r  show t h e i r  non-relationship,  a s  t he  case may be. If 

th ree  range i n t e r v a l s  a r e  recorded f r o m  each of the three 

antennas nine p a r t i a l  r a t e  curves a re  obtained, thus 

giving a n inefo ld  check on t h e  v a l i d i t y  o f  a rad ian t .  

The inportance of t h i s  augmented p a r t i a l  r a t e  

method l i e s  i n  i t s  a b i l i t y  t o  de l inea te  the  r ad ian t s  o f  

minor shofiers which produce t o o  few l a r g e  meteors t o  make 

t h e  ordinary Clegg method f e a s i b l e ,  O r ,  pu t t i ng  t h e  

matter  another way, t h i s  method is  capable o f  d e t e c t i n g  

the presence o f  shower s t r u c t u r e  i n  the sporadic meteor  

background l e v e l .  

2. THE TRIPLE-BUM SYSTEM: 

A plan o f  t he  antenna coverage i s  shown i n  Figure 

I. Three narrow-beam antennas a r e  used f o r  recept ion  and a 
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wide angle ,  low e leva t ion  t ransmi t t ing  antenna (fan-beam) 

d i r e c t s  the R . F c  energy t o  the region searched by the  

t h r e e  receiving antennas. A l l  were designed f o r  t he  

operat ing frequency of 69 Mc, The two  ou te r  rece iv ing  

antennas a r e  mult iple  yagi arrays giving a beam 4.4 

degrees wide i n  azimuth ( E l l y e t t ,  Keay, R o t h  and Bennett, 

1961) while the  center  antenna i s  a r o t a t a b l e  planar  

a r r a y  of h a l f  wave dipoles  giving a beam 22 degrees wide 

i n  azimuth ( E l l y e t t  and Roth, 1955). For  the  purposes of 

t h i s  experiment t he  ro t a t ab le  a r r a y  was d i r ec t ed  t o  a 

f ixed  azimuth o f  90 degrees e a s t  of  north.  The fan-beam 

t r ansmi t t i ng  antenna c o n s i s t s  o f  a v e r t i c a l  s t ack  of 

folded d ipoles  spaced 0.35 of  a wavelength i n  f r o n t  o f  

a r e f l e c t i n g  screen. The e l e v a t i o n  o f  the fan-beam pro-  

duced by t h i s  antenna vias i n t e n t i o n a l l y  made a l i t t l e  

higher than t h a t  o f  the  beams produced by the other  

antennas i n  order  t o  shorten the  range a t  which the  

maximum number o f  echoes i s  received. T h i s  has the  

des i r ab le  e f f e c t  o f  reducing t h e  bias towards de t ec t ing  

r ad ian t s  passing c lose  t o  t h e  l o c a l  zen i th  (Keay and 

E l l y e t t  I 961 ) .  The r e s u l t i n g  composite e l e v a t i o n  

response of  t he  fan-beam antenna toge ther  w i t h  each of  

the  two yagi a r r ays  has a peak o f  11 degrees e l eva t ion ,  

while t h a t  with the  fan-beam antenna and the p lanar  a r r a y  

peak a t  13.5 degrees e leva t ion .  
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The t r ansmi t t e r  produced 25 microsecond pulses  

w i t h  a peak power of almost 100 k i l o w a t t s  a t  a pulse  

r e p e t i t i o n  frequency of  150 pulses  per  second der ived 

f rom the frequency of the mains supply. 

The de tec t ion  system c o n s i s t s  o f  three i d e n t i c a l  

r ece ive r s  (one t o  each receiving antenna) and a video 

mixing u n i t  which mixes and codes the echoes for d i sp lay  

on t h e  screen of a cathode ray tube.  Continuous photo- 

graphic recording i s  employed a t  a f i l m  r a t e  of 30 cm 

p e r  hour,, The  i d e n t i f i c a t i o n  of meteor echoes i s  based 

on t h e  p r inc ip l e  of doubling each genuine echo t o  d i s -  

t i ngu i sh  i t  f rom random spikes  due t o  noise  and var ious 

f o r m s  o f  impulse in te r fe rence .  A small square-wave 

vol tage  added t o  t h e  time-base a t  half the sweep 

frequency causes recurrent  s igna l s  (such a s  genuine 

meteoric echoes which l a s t  for the dura t ion  of s eve ra l  

sweeps) t o  be doubled while random s igna l s  s t a y  random. 

T h i s  i s  i l l u s t r a t e d  i n  Figure 2 where the echo from 

Receiver 1 i s  doubled w i t h  a spacing t proport ional  t o  

t h e  amplitude of  t h e  appl ied square wave. The echoes 

f rom Receivers 2 and 3 a r e  spaced more widely by 

switching the output s igna ls  f rom these rece ivers  

through 50 and I 0 0  microsecond de lay  l i n e s ,  respec t ive ly ,  

on each a l t e r n a t e  sweep i n  such phase a s  t o  add t o  the 

displacement caused by the square wave. The e f f e c t  o f  

t h i s  i s  shown i n  Figure 2. On the a l t e r n a t e  sweeps, 
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when displaced s igna ls  a r e  displayed, t he  range markers 

a r e  suppressed i n  o rde r  t h a t  the undisplaced d o t  of  

every echo can be used f o r  range determination, 

There a re  numerous occasions when echoes from a 

given meteor a r e  received by more than one antenna, due 

t o  overlapping r ad ia t ion  pa t te rns .  Usually,  houever, 

one antenna produces a stronger s i g n a l  than the others 

and i d e n t i f i c a t i o n  i s  s t i l l  poss ib le  - a s  may be seen 

f r o m  the example depicted i n  Figure 2. 

From the  system parameters i t  can be shown t h a t  

the l imi t ing  zen i tha l  magnitude o f  meteors de tec ted  v ia  

the  fan-beam/yagi . a r r a y  antenna combination i s  10.9 + - 0.4. 

These smallest  meteors a re  de tec ted  a t  an e l eva t ion  of 

14 degrees,  corresponding t o  a range of 360 km. This 

agrees with the measured value o f  365 k m  a t  which the  

maximum occurs i n  the  range d i s t r i b u t i o n  o f  observed 

m e t  e o r  echoe s e 

The l i m i t i n g  zeni tha l  magnitude of meteors de tec ted  

v i a  the  fan-beam/planar a r r a y  antenna combination i s  

10.0- 0.3. These a re  de tec ted  a t  an e l e v a t i o n  of 17 

degrees,  corresponding t o  a range of 305 km. T h i s  t o o  

i s  i n  f a i r  agreement w i t h  t he  280 km range a t  which the 

maximum number of  echoes i s  received v i a  t h i s  p a r t i c u l a r  

antenna combination. 

+ 
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3* THEORY AND CALCULATIONS: 

The basic  theory underlying the p a r t i a l - r a t e  method 

needs no modification when three  ins tead  of  two narrow- 

beam antennas are employed, The counting of m e t e o r s  i n  

more than one range-band has a l s o  been described i n  a 

paper ( E l l y e t t ,  Keay, Roth  and Bennett 1961 ) i n  which 

i t  i s  r e fe r r ed  t o  a s  a mult iple  rate-count method, and 

an example of i t s  usefulness 'was given. I t  i s  the com- 

b ina t ion  o f  these  methods ukich i s  r e f e r r e d  t o  a s  the 

augmented par t  i a1 - r a t  e method 

Br i e f ly ,  short  t ime-interval  counts o f  meteor 

echoes,  whose ranges l i e  i n  a band cent red  on the  range 

of maximum occurrence, give a p a r t i a l - r a t e  curve when 

p lo t t ed  aga ins t  time., The t imes iiihen peaks occur i n  t h e  

p a r t i a l  r a t e  curves f r o n  two o r  more antennss y i e l d  the 

radiant  co-ordinates o f  the meteor a c t i v i t y  which gave 

r i s e  t o  the  peaks, The same i s  t r u e  when meteors i n  

range-bands adjacent t o  t h e  c e n t r a l  range-band a r e  used, 

although an allowance must be made for t h e  assymmetrical 

d i s t r i b u t i o n  o f  meteors wi th in  t h e  range-band when high 

accuracy i s  required.  

The way r ad ian t  co-ordinates a r e  der ived from the 

observed t imes of  occurrence o f  peaks i n  meteor r a t e  may 

be seen from Figure 3. T h i s  Figure r ep resen t s  a h o r i -  

zon ta l  p ro j ec t ion  o f  t he  i n t e r s e c t i o n  w i t h  the c e l e s t i a l  

hemisphere of  t h e  planes i n  which meteor t r a i l s  must l i e  
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i n  order t o  be de tec tab le  a t  t,,e range concerned. It  

i s  the  same as  saying t h a t  meteors f r o m  a given rad ian t  

a r e  only de t ec t ab le  a s  the radiant  passes through the 

appropriate  "co l lec t ing"  plane. F o r  t he  e a s t e r l y  

d i r ec t ed  antenna the c o l l e c t i n g  planes f o r  echoes 

detected near ranges o f  300,  400 and 500 k m  i n t e r s e c t  

the c e l e s t i a l  hemisphere i n  t h e  l i n e s  N I S ,  N2S and N3S 

respec t ive ly .  I n  r e a l i t y  the  l i n e s  a re  narrow s t r i p s  

due t o  t he  f i n i t e  s i z e  o f  the  range i n t e r v a l  i n  which 

echoes a r e  counted (each "range-bznd" extended 50 km on 

e i t h e r  s ide  o f  t he  nominal range, i . e o  the  range i n t e r -  

v a l s  were 100 Km wide) and t o  the  spread i n  azimuth of 

the antenna beam. 

A s  a somewhat idea l  example, the  radiant ' A '  w i l l  

f i r s t  produce echoes i n  the 500 Km range-band o f  the 

South o f  Sas t  antenna ( a t  p o i n t  ' a r  i n  Figure 3), then 

i n  i t s  400 Km range-band a t  a time which happens t o  

coincide with the  meridian passage of  t he  rad ian t  i n  

t h i s  p a r t i c u l a r  case (point ' b ' ) .  Echoes w i l l  next 

appear i n  the  500 Km range-band of the East antenna 

(point  ' c ' )  and almost a t  the  same time i n  the  300 Km 

range-band o f  the  South o f  East antenna (poin t  ' d ' ) .  

And s o  on. The important point  i s  t h a t  t he  order  of 

appearance o f  echoes i n  the  range-bands of  t he  t h r e e  

antennas w i l l  be qui te  d i f f e r e n t  f o r  rad ian t  ' B ' ,  and 
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i s  a funct ion of  the radiant dec l ina t ion .  However, up 

t o  qu i t e  high values of  dec l ina t ion ,  the  order of 

appearance of echoes i n  the var ious range bands assoc ia ted  

w i t h  a given antenna i s  always the same. A l s o ,  f o r  rad i -  

a n t s  passing f u r t h e r  north than a f e w  degrees of t he  

zen i th ,  t h e  peak echo r a t e  i n  a given range-band f rom 

the E a s t  antenna i s  always mid-way i n  time between the  

peak r a t e s  i n  the  same range-band f rom the  o the r  two 

antennas. These c h a r a c t e r i s t i c s  a s s i s t  the recognition 

of d i s c r e t e  meteor shower a c t i v i t y  whenever i t  occurs,  

but if the  measured r a t e s  a r e  l o w  ( l e s s  than about 15 

per 1 2  minute i n t e r v a l  i n  each 100 Iim range-band) i t  must 

be borne i n  mind t h a t  random f l u c t u a t i o n s  i n  echo r a t e  

may cause small  peaks t o  vanish e n t i r e l y  from some o f  the 

r a t e  curveso 

F o r  each range-band o f  the three  antennas the 

time d i f f e rences  between peak echo r a t e  and the  time of 

meridian passage ( l o c a l  t r a n s i t )  of  any culminating 

radiant  have been ca lcu la ted  a s  a funct ion of  r ad ian t  

dec l ina t ion  by using the  theory a l ready  published (Keay, 

1957). A s u i t a b l e  computer program was developed i n  

order t o  enable t h i s  considerable  t a sk  t o  be performed 

on an I B M - I ~ ~ O  computer. The nine t a b l e s  produced by the 

computer a re  shown p lo t ted  i n  Figure 4, which i s ,  i n  

e f f e c t ,  a Cartesian pro jec t ion  o f  Figure 3 ,  using d e c l i -  

na t ion  and hour angle a s  co-ordinates.  
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4. PRELIMINARY RESULTS: 

The system a s  a whole was i n  operation f o r  s eve ra l  

I n  February 1963 the  months during 1962 and ea r ly  1963. 

experiment was discontinued i n  order t o  comxence a meteor 

survey (using omni-directional antennas) which could not 

run simultaneously.  However, the  r e s u l t s  from t h e  pre- 

l iminary period o f  operation ind ica t e  the  d e s i r a b i l i t y  Of' 

f u r t h e r  work when t h e  meteor survey i s  completed. 

During the experiment much valuable experience was 

gained, p a r t i c u l a r l y  o n  the problems o f  d isplaying the 

outputs of t h r e e  rece ivers  on a s ing le  cathode ray tube,  

Varying noise  l e v e l s  p a r t i c u l a r l y  when man-made i n t e r -  

ference was present  on any one o f  the r ece ive r s ,  were 

d i f f i c u l t  t o  compensate f o r .  The preserva t ion  of  equal 

signal-to-noise r a t i o s  i n  each of  the t h r e e  outputs was 

e s s e n t i a l  i n  vieiw of t he  narrow dynamic range o f  the cathode 

ray tube spot i n t e n s i t y  and the requirement t h a t  a s i n g l e  

b r i l l i a n c e  s e t t i n g  had t o  be c o r r e c t  f o r  recording a l l  

t h ree  s igna l s .  T h i s ,  a t  p re sen t ,  i s  the weakest l i n k  i n  

the who le  system. 

A very use fu l  check on the performance o f  t h e  

narrow beam antennas and t h e i r  assoc ia ted  r ece ive r s  was 

provided by a pen recorder  which continuously monitored 

the  d e t e c t o r  cur ren t  i n  each rece iver .  A l l  records 

exhib i ted  a prominent peak which recurred every day a t  

the s i d e r e a l  t i m e  corresponding t o  t he  passage of the 
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S a g i t t a r i u s  region of the  l o c a l  galaxy through each o f  

the  antenna beams, 

One of the  f irst  occasions when the complete t r i p l e -  

antenna system was operating successfu l ly  vias during July,  

1962. The p a r t i a l  r a t e  curves obtained on J u l y  25 a r e  

shown i n  Figure 5. I n  each of the nine curves the 

6-Aquarid shower has produced a very  prominent peak, 

allowing q u i t e  a good value t o  be obtained f o r  i t s  rad i -  

an t  pos i t i on ,  a s  follows: 

Right ascension 337.8' 0.5' 
o +  0 

Declination -13.7 - 2.9 

The peak i n  the p a r t i a l  r a t e  curve f o r  the  250-350 

Km range i n t e r v a l  from the North of  East  antenna was 

incomplete because of a gap i n  the  record due t o  a severe 

burs t  o f  man-made in te r fe rence .  Gtherwise the peaks were 

qui te  c l e a r  and the re  i s  no doubt a s  t o  t h e i r  i d e n t i f i -  

ca t ion ,  None of  t h e  other peaks i n  these p a r t i a l  r a t e  

curves a r e  a s  prominent, except ,  perhaps, f o r  t he  a c t i v i t y  

f r o m  the  East antenna near 0800 hours '  However, t he re  i s  

very l i t t l e  supporting a c t i v i t y  f rom e i t h e r  o f  the  o ther  

two  antennas and no radiant  can be  determined f o r  i t .  

This s i t u a t i o n  has proved t o  be su rp r i s ing ly  common i n  

t h i s  work, lending support t o  o ther  evidence (Kaiser,  1961 ) 

t h a t  meteor showers lose  t h e i r  i d e n t i t y  and merge i n t o  the 

sporadic background mhen l a r g e  numbers of  very f a i n t  meteors 

a r e  being detected.  The Pisces  Aus t r a l id ,  Southern 
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-Aquarid, Capricornid and Ce t id  showers have disappeared 

i n  t h i s  way from the curves i n  Figure 5 ,  even though they 

a re  kno-m t o  be a c t i v e  a t  t h a t  da t e ,  A t  l e a s t  two o f  

them (Pisces  Aus t ra l ids  and Cet ids)  -irere present  i n  s i m i -  

l a r  records obtained a t  l o w e r  s e n s i t i v i t y ,  and hence lower 

r a t e ,  on the  same da te  i n  1956, 

The above s i t u a t i o n  i s  well  i l l u s t r a t e d  by the  

records obtained i n  e a r l y  December, 1962, a t i m e  of the 

year when severa l  well  known southern shoeers a re  a c t i v e  

( E l l y e t t  Keay, Ro th  and Bennett 1961 ).  The p r inc ipa l  

two a r e  the  Velids and the Puppids, which, together  wi th  

the L ib r ids  and the Crionids,  a r e  marked on t h e  p a r t i a l  

r a t e  curves obtained during December 4 (Figure 6 )  and 

December 5 (Figure 7 ) .  

should have been present fewer than f i v e  coincidences 

were obtained, 3ven when allowance i s  made for inaccur- 

a c i e s  i n  the  quoted rad ian t  pos i t i ons  t h e r e  a r e  no c l e a r  

sequences o f  peaks (such a s  t h a t  f o r  the 6-Aquarids i n  

Figure 5 )  which reveal  shower a c t i v i t y ,  

when the  corresponding p a r t i a l  r a t e  curves for each of 

the two days a r e  intercompared thelye i s  very l i t t l e  con- 

t i n u i t y  between them, despi te  the  f a c t  t h a t  each o f  t h e  

showers mentioned above l a s t s  for seve ra l  days. I t  i s  

also ao t i ceab le  that some o f  the sharper  and more prominent 

peaks one day a r e  replaced by d ips  i n  the curve on the  next 

day., 

O f  the 72 t imes when a peak 

Furthermore, 
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Only the gross cha rac t eF i s t i c s  of  the  p a r t i a l  r a t e  

curves r e l a t e  t c  one another o r  persist  from day t o  day. 

They a r e  the  gradual r i s e  i n  r a t e  f r o m  midnight t o  

approximately 0600 hours,  t he  h o l l o w  centred near  0900 

hours and the  broad hump a t  around 1 2 O G - i 3 O O  hours 

followed by  t h e  dec l ine  i n  r a t e  towards t h e  evening. 

a f ind ing  i s  cons i s t en t  with the p a t t e r n  which emerged from 

a year-long survey o f  meteor a c t i v i t y  i n  1960-61 : the 

broad he l ion  and ant i -hei ion peaks o r  groupings then a l s o  

over-shadowed almost a l l  shower a c t i v i t y  (E l lye t t  and Keay, 

1 9 6 3 ) ~  

r a t e  curves over a p e r i o d  o f  one week, a s  has been done i n  

Figure 8. Although each successive d a i l y  curve was shif ted 

f o u r  minutes t o  minimise the spreading o f  peaks due t o  t h e  

s h i f t  i n  s o l a r  longi tude,  there i s  l i t t l e  s ign  of peaks due 

t o  d i s c r e t e  meteor showers, (The po in t s  f o r  each curve were 

smoothed i n  s l i d i n g  groups o f  t h r e e  i n  order t o  reduce 

s t a t i s t i c a l  f l u c t u a t i o n s  and show genuine peaks of  a c t i v i t y  

more c l e a r l y .  ) 

Such 

T h i s  i s  c l e a r l y  shown by combining the d a i l y  p a r t i a l  

I n  a l l  o f  the curves shown i n  Figure 8 the  two 

d iurna l  peaks a r e  evident and t h e r e  i s  a t h i r d  peak i n  a t  

l e a s t  t w o  of the records obtained f rom the  antenna d i r e c t e d  

due e a s t .  While the  t w o  p r i n c i p a l  peaks a r e  not a s  sharp 

a s  those i n  Figure 5 ,  ind ica t ing  l e s s  concentrated a c t i -  

v i t y ,  the mean radiant  pos i t i ons  have been ca l cu la t ed  by 

the method out l ined e a r l i e r ,  
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The co-ordinates obtained f o r  the mean rad ian t  of 

t he  e a r l y  morning a c t i v i t y  a r e  
2ight ascension 138.4' 3.4 0 

( h = 255O) 0 
o +  0 

Declinat ion -44.,2 - 8 - 7  

which d e f i n i t e l y  assoc ia tes  i t  w i t h  the well-known Velid 

shower, a s  i l l u s t r a t e d  i n  Figure 9 ( a ) .  T h i s  r ad ian t  i s  

wel l  removed from the  v i c i n i t y  o f  the e c l i p t i c .  I t  i s  
h 

s i t u a t e d  a t  an e c l i p t i c  l a t i t u d e  of  -56" which suggests 

that  t he re  may e x i s t ,  f o r  t h i s  p a r t  o f  t h e  year a t  l e a s t ,  

a southern counterpar t  t o  the high i n c l i n a t i o n  meteoric 

a c t i v i t y  observed from the northern hemisphere (Hawkins I. 

1963) 

The midday peak of a c t i v i t y  y i e l d s  t he  co-ordinates 

Right  ascension 238,8' 2 3.5 
0 

Declinat ion 
0 o +  -26,4 - 12.4 

f o r  i t s  mean rad ian t  e This  a c t i v i t y  therefore  o r ig ina t e s  

from the  v i c i n i t y  of  t h e  e c l i p t i c ,  a s  revealed by 

Figure 9 ( b ) ,  and i s  very c lose  t o  the L i b r i d  r ad ian t s  

found i n  e a r l i e r  work ( E l l y e t t ,  Keay, R o t h  and Bennett ,  

I 961 ) 

At t he  high r a t e s  of  meteor de t ec t ion  obtained w i t h  

t he  present  apparatus ( t o t a l  r a t e s  exceeding 1000 per hour 

were qu i t e  usual  during December 1962) i t  was found t h a t  

the  small  peaks i n  the d a i l y  p a r t i a l  r a t e  curves r a r e l y  
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coincided f rom day t o  day, yet  t he  broad peaks remained 

present ,  I n  view of  t h i s  f a c t  i t  would appear t h a t  each 

of  the  two mean r ad ian t .  pos i t ions  obtained represents  a 

cen t r e  of' r ap id ly  and cons tan t ly  s h i r t i n g  a c t i v i t y c  

T h i s  type o f  behaviour has previously been observed i n  

the case o f  t he  Velid shower by 7!eiss (1960), who r e p o r t s  

t h a t  i t s  r ad ian t  i s  very i l l -de f ined ,  I n  a s e r i e s  of 

observations from 1953 t o  1960 (a t  lower echo r a t e s  than 

the  present work)  recent ly  c o l l a t e d  by E l l y e t t  and Roth 

( 1 9 6 4 ) ~  severa l  cen t res  o f  a c t i v i t y  were found.  Two of  

the s t rongest  cen t r e s  a r e  p l o t t e d  i n  Figure 9 ( a ) ,  The 

conservation exhib i ted  by most o f  t h e  small peaks i n  the  

d a i l y  pa r t i a l  r a t e  curves (which a r e  unsmoothed) i s ,  

however, qu i t e  high, which tends t o  suggest t h a t  t h e  

a c t i v i t y  occurs i n  sporadic b u r s t s  o f  a few hours dura t ion  

from numerous r a d i a n t s  s ca t t e r ed  around the mean pos i t ion .  
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FIGURE 1 Plan view of  antenna coverage. The ou te r  curve 
represents  the  horizontal  r a d i a t i o n  patterm of the Fan- 
Beam t ranemi t t ing  antenna, while the hor izonta l  pa t t e rns  
of the three narrow-beam antennas ueed f o r  recept ion  are 
shown shaded. 
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FIGURE 2. Triple-channel dieplay of  echoes. Theee achematlo 
examplee represent (A) an echo via Receiver 1 , (B)  an echo 
via Receiver 2 ,  
Beoeiver 3 ,  (I)) a etrong echq received by Receiver 2 with 
weak returns via Beceivere 1 and 3 ,  (E) a re la t ive ly  rare 
type of echo f o r  which the s ignal  amplitude appear8 the 
same from a l l  three receivere. 

(C) a moderately long-duration echo via 
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FIGURE 3 .  Horizontal  p ro jec t ion  of c e l e s t i a l  hemisphere, 
showing the co l l ec t ing  planes f o r  each of the three narrow 
beam antennas.  
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PIOURI 4. Tlmrs of recept ion  of meteor e c h o e s  a t  varioue 
rengeo In each of thr  t.hrre a n t e m a n .  p l o t t e d  an a funct ion  
of radtant d e c l l n e t  Ion. 
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PIOURE 5. P a r t i a l  rate c u r v c s  Por 15462, J u l y  25. The 
D e l t a  Aquarld shower is marked. 
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F1OUR.E 6. F'artial r a t e  curves  for 1962, December 4. 
"0" ie where the Orionid shower wae expec ted  t o  appear 
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FIOURE 7 .  P a r t i a l  r a t e  c u r v e s  f o r  1962, December 5 .  
uO’ l e  where the  Orionid e h m e r  wae e x p e c t e d  t o  appear 
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FIOURE 6.  k:an part ia l  rate curves f o r  the  whole week 
The timee adopted for t h e  rrom December 4 - I O ,  1962. 

paasage or e a c h  principal maximum of activity are marked. 



PIOURX 9. ( a )  A plot  of the redlant posit ion derived for 
the Llhrld-Scorpld a c t l v l t y  together r l t h  the poaltlons Of 
Llhrld ac t lv l ty  (croenea) found by E l lye t t .  b a y .  Roth mnd 
Bennett (1961): ( h )  the radlant posit ion derlrtd for the 
Velld ac t lv l ty  1s ahom together r l t h  the other Velld- 
Puppld radlente found by 

x Boffmeieter (1949). 
0 Urlaa  (1960)  
+ D Kllyett and Roth (196b). 

Kllyett.  Nee;. Roth end Bennett (19611, 


